Introduction
============

Primary breast lymphoma (PBL) was first described in 1959.[@b1-ott-9-6093] It represents \~1% of all non-Hodgkin lymphoma (NHL), and the most predominant subtype is diffuse large B-cell lymphoma (DLBCL). Additionally, a tendency for central nervous system (CNS) progression and a significant risk of contralateral breast involvement have been identified.[@b2-ott-9-6093]--[@b9-ott-9-6093]

Optimal treatment strategies for primary breast DLBCL have remained undefined; to date, only two prospective trials have been reported. The first trial included 96 patients who were randomized to chemotherapy, radiation therapy, or both in the prerituximab era.[@b8-ott-9-6093] The results of the first trial indicated that chemotherapy combined with radiation therapy was the best treatment with improvement in event-free survival and overall survival (OS). The second was a single-arm trial utilizing a dose-dense regimen (CEOP-14) and rituximab in 32 patients.[@b10-ott-9-6093] The complete response rate, event free-survival, and OS were similar to those of historical controls. The purpose of this retrospective study was to summarize the clinical characteristics and evaluate the management approaches of primary breast DLBCL in the era of rituximab.

Patients and methods
====================

Patients and patient workup
---------------------------

After obtaining approval from the Independent Ethics Committee of Zhejiang Cancer Hospital, the patients with newly diagnosed NHL (n=1,281) treated between April 2006 and May 2013 in our center were reviewed and the patients with primary breast DLBCL were retrospectively evaluated. Patient consent was waived by the Ethics Committee due to the retrospective nature of this study.

The pretreatment workup included a complete history and physical examination, liver and renal biochemical analysis, complete blood cell count analysis, bone marrow biopsy, and computed tomography of the chest, abdomen, and pelvis. Histopathological diagnosis was based on the World Health Organization's nomenclature, and staging classification was performed according to the Ann Arbor classification.[@b11-ott-9-6093],[@b12-ott-9-6093]

Treatment protocol
------------------

After diagnosis of primary breast DLBCL with a core needle or surgery, chemotherapy (four to six cycles of CHOP or CHOP-like regimens, with or without intrathecal methotrexate or cytarabine) with or without radiotherapy was performed. Rituximab was recommended for patients with primary breast DLBCL. Following the month of completing chemotherapy, the involved site radiotherapy of 30--46 Gy in 15--25 fractions at 1.8--2.0 Gy per daily fraction was delivered. The efficacy of treatment was assessed according to the international workshop to standardize response criteria for NHL.[@b13-ott-9-6093]

Follow-up and statistical analysis
----------------------------------

The last follow-up was in June 2015. The follow-up was performed by the oncologic outpatient clinic by contacting the patients or their relatives by telephone. SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The Kaplan--Meier method was used to calculate the OS and progression-free survival (PFS) rates. OS was measured from the date of diagnosis to the date of death or last follow-up. PFS was defined as the length of time from the date of diagnosis to first disease progression or death. Survival curves were plotted using the Kaplan--Meier method and compared using the log-rank test. Univariate analysis was performed to determine prognostic factors. Differences were considered significant for *P*-values \<0.05, and all *P*-values were two tailed.

Results
=======

Baseline characteristics
------------------------

A total of 24 female patients were analyzed retrospectively. The baseline characteristics are listed in [Table 1](#t1-ott-9-6093){ref-type="table"}. For the whole group, the median age was 50 years (range 24--69 years). All patients had the disease detected with a palpable mass. The right breast was involved more frequently (54.2% vs 33.3%), and three (12.5%) patients had bilateral breast involvement. Data for germinal center or nongerminal center phenotypes based on immunohistochemistry using the Hans method were available in 14 patients: germinal center B-cell in six, non-germinal center B-cell in eight, and undefined in ten.

Treatment and response
----------------------

The first-line therapy administered is summarized in [Table 2](#t2-ott-9-6093){ref-type="table"}. Twenty-three patients (95.8%) received chemotherapy, and four patients (16.7%) received CNS prophylaxis, which consisted of intrathecal cytarabine (n=1) or methotrexate (n=3). Ten patients (41.7%) received rituximab. Twelve patients received radiotherapy with a median dose of 36 Gy (range 30--46 Gy). Among the 23 patients who were treated with chemotherapy, 17 (73.9%) had a complete response, five (21.7%) had a partial response, and one (4.3%) had progressive disease.

The median follow-up time for all patients was 60.3 months (25.4--110 months). During follow-up, 19 patients were alive without lymphoma and five patients had died by the end of follow-up: four of them died from lymphoma and one patient died from chemotherapy-related hepatic failure. All the patients who relapsed occurred within the first 2 years. Of these, one patient had progressive disease during chemotherapy, one patient presenting with bilateral breast involvement developed left breast relapse after lumpectomy and chemotherapy, one patient developed bone marrow involvement, and one patient developed skin relapse ([Table 3](#t3-ott-9-6093){ref-type="table"}). No patients developed CNS relapses. The Kaplan--Meier estimated 1-year, 3-year, and 5-year PFS rates of all the patients was 87.5%, 79.2%, and 79.2%, respectively, and the Kaplan--Meier estimated 1-year, 3-year, 5-year OS was 91.7%, 78.9%, and 78.9%, respectively ([Figure 1](#f1-ott-9-6093){ref-type="fig"}).

Prognostic factors
------------------

The values of various potential prognostic factors, including age, tumor size, lactate dehydrogenase, Eastern Cooperative Oncology Group performance status at presentation, Ann Arbor stage, adjusted International Prognostic Index, rituximab administered, surgery, cycles of chemotherapy \>4, and radiation in predicting PFS and OS were evaluated. The outcomes are listed in [Table 4](#t4-ott-9-6093){ref-type="table"}. Although no significant difference was found in terms of PFS and OS between the patients with rituximab and the patients without rituximab, the PFS and OS of the patients with rituximab were higher (5-year PFS: 90% vs 71.4%, *P*=0.285; 5-year OS: 90% vs 71.4%, *P*=0.239).

Discussion
==========

Several efforts have been undertaken to evaluate the clinical characteristics and management approaches of primary breast DLBCL. Clinically, our results were consistent with the published literature; the typical presentation was a woman in her fifth or sixth decade with a solitary, unilateral, predominantly right-sided breast lump.[@b3-ott-9-6093],[@b14-ott-9-6093]--[@b16-ott-9-6093]

The 5-year OS rate of primary breast DLBCL reported from other centers varied from 48% to 75%.[@b3-ott-9-6093],[@b16-ott-9-6093],[@b17-ott-9-6093] In our study, 5-year OS rate of primary breast DLBCL was 78.9%, which was likely to be related to the distribution of clinical characteristics and management approaches in the different reports. With regard to the patterns of relapse, 12%--44% relapse of primary breast DLBCL occurred in the ipsilateral or contralateral breast.[@b3-ott-9-6093],[@b4-ott-9-6093],[@b7-ott-9-6093],[@b14-ott-9-6093] Ryan et al[@b3-ott-9-6093] reported that ipsilateral breast relapse of primary breast DLBCL occurred within 2.6 years from the commencement of treatment, whereas contralateral breast relapse occurred up to 13.3 years. In the present study, three (12.5%) patients had bilateral breast involvement on presentation and one patient who presented with bilateral breast involvement developed left breast relapse after lumpectomy and chemotherapy with a median follow-up time of 60.3 months.

CNS relapse occurred in 5%--23.6% of patients with primary breast DLBCL.[@b3-ott-9-6093],[@b7-ott-9-6093],[@b14-ott-9-6093],[@b16-ott-9-6093],[@b18-ott-9-6093] Most CNS relapses of primary breast DLBCL occurred in \<2 years following the completion of therapy.[@b16-ott-9-6093] However, there is currently no consensus on CNS prophylaxis for primary breast DLBCL, and the addition of rituximab to chemotherapy may decrease the rate of CNS relapse.[@b19-ott-9-6093] In our study, four patients received CNS prophylaxis and eleven patients received rituximab and no patients developed CNS relapses after a median follow-up time of 66.8 months (25.4--110 months), This was similar to a prospective study that included 32 patients treated by rituximab and dose-dense chemotherapy and no patients developed CNS relapses after a median follow-up of 64.5 months,[@b10-ott-9-6093] probably because of the limited patients, retrospective nature, the addition of rituximab, and intrathecal chemotherapy.

Univariate analysis indicated that none of the treatment variables, including surgery, chemotherapy, or radiotherapy, were associated with PFS or OS. There are robust data that surgical resection results in inferior local control,[@b20-ott-9-6093] with multiple series demonstrating treatment, including mastectomy associated with higher all-cause and disease-specific mortality.[@b3-ott-9-6093],[@b14-ott-9-6093],[@b15-ott-9-6093] One patient developed left breast relapse after lumpectomy and chemotherapy in our study.

To date, only randomized controlled trial of PBL showed a significantly better survival for patients who received combined chemotherapy and radiotherapy compared to either modality alone.[@b8-ott-9-6093] Ten-year event-free survival of radiotherapy alone, chemotherapy alone, and combined chemotherapy and radiotherapy was 50%, 57%, and 83%, respectively (*P*\<0.01). Ten-year OS of radiotherapy alone, chemotherapy alone, and combined chemotherapy and radiotherapy was 50%, 50%, and 76%, respectively (*P*\<0.01). In the single-arm trial of PBL, diffuse large-cell histology, treated by rituximab and dose-dense chemotherapy, 3-year event-free survival and OS were 75% and 63%, respectively.[@b10-ott-9-6093] However, in this case control study of primary breast DLBCL (n=25) and limited-stage nodal DLBCL (n=75) treated by R-CHOP,[@b18-ott-9-6093] OS was similar between the two groups (3-year OS rate, 82.2% vs 90.7%, *P*=0.345). The PFS and OS of the patients with rituximab were higher than the patients without rituximab in the present study (5-year PFS: 90% vs 71.4%, *P*=0.285; 5-year OS: 90% vs 71.4%, *P*=0.239). Rituximab is now routinely added to chemotherapy in patients with DLBCL.[@b21-ott-9-6093] Based on our results and the previous studies,[@b10-ott-9-6093],[@b18-ott-9-6093],[@b21-ott-9-6093] adding rituximab to treatment for patients with primary breast DLBCL is recommended. Prospective randomized trials with rituximab for primary breast DLBCL are needed.

Conclusion
==========

Primary breast DLBCL appears to be a rare disease. Our results suggest that adding rituximab might improve survival in the patients with primary breast DLBCL. Further prospective studies are needed to evaluate the role of rituximab for primary breast DLBCL.
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###### 

Clinical characteristics

  -----------------------------------------------------------------------------------------------------------------
  Characteristic                                              Whole group\   With rituximab\   Without rituximab\
                                                              (N=24)         (n=10)            (n=14)
  ----------------------------------------------------------- -------------- ----------------- --------------------
  Sex                                                                                          

   Male                                                       0 (0.0)        0 (0.0)           0 (0.0)

   Female                                                     24 (100.0)     10 (100.0)        14 (100.0)

  Age (years)                                                                                  

   Median                                                     50             46                52

   Range                                                      24--69         24--66            28--69

  ECOG performance status at presentation                                                      

   0                                                          12 (50.0)      3 (30.0)          9 (64.3)

   1                                                          12 (50.0)      7 (70.0)          5 (35.7)

  Laterality                                                                                   

   Right                                                      13 (54.2)      6 (60.0)          7 (50.0)

   Left                                                       8 (33.3)       3 (30.0)          5 (35.7)

   Bilateral                                                  3 (12.5)       1 (10.0)          2 (14.3)

  Tumor size (cm)[a](#tfn1-ott-9-6093){ref-type="table-fn"}                                    

   Median                                                     4              4                 3

   Range                                                      1--10          1--10             1.5--10

  Nodal sites' involvement at diagnosis                                                        

   None                                                       15 (62.5)      7 (70.0)          8 (57.1)

   Axillary                                                   8 (33.3)       3 (30.0)          5 (35.7)

   Supraclavicular + axillary                                 1 (4.2)        0 (0.0)           1 (7.1)

  Lactate dehydrogenase                                                                        

   Elevated                                                   5 (20.8)       2 (20.0)          3 (21.4)

   Normal                                                     19 (79.2)      8 (80.0)          11 (78.6)

  B-symptoms present                                                                           

   Absent                                                     23 (95.8)      10 (100.0)        13 (92.9)

   Present                                                    1 (4.2)        0 (0.0)           1 (7.1)

  Ann Arbor stage                                                                              

   IE                                                         13 (54.2)      6 (60.0)          7 (50.0)

   IIE                                                        11 (45.8)      4 (40.0)          7 (50.0)

  Adjusted IPI[b](#tfn2-ott-9-6093){ref-type="table-fn"}                                       

   0                                                          9 (37.5)       4 (40.0)          5 (35.7)

   1                                                          10 (41.7)      4 (40.0)          6 (42.9)

   2                                                          4 (16.7)       2 (20.0)          2 (14.3)

   3                                                          1 (4.2)        0 (0.0)           1 (7.1)
  -----------------------------------------------------------------------------------------------------------------

**Notes:**

For bilateral cases, this is the larger value of the left and right breast diameters.

One point each for age ≥60 years, stage II, increased serum lactate dehydrogenase, and an ECOG performance status ≥2. Data is presented as n (%) unless otherwise stated.

**Abbreviations:** ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index.

###### 

First-line therapy

  Items                                                            No of patients (%)
  ---------------------------------------------------------------- --------------------
  Treatment                                                        
   Surgery alone                                                   1 (4.2)
   Chemotherapy alone                                              2 (8.3)
   Radiation and chemotherapy                                      5 (20.8)
   Surgery and chemotherapy                                        9 (37.5)
   Surgery, chemotherapy, and radiation                            7 (29.2)
  Surgery (n=17)                                                   
   Lumpectomy                                                      12 (50.0)
   Modified mastectomy[a](#tfn4-ott-9-6093){ref-type="table-fn"}   5 (20.8)
  Chemotherapy[b](#tfn5-ott-9-6093){ref-type="table-fn"} (n=23)    
   Anthracycline containing                                        23 (95.8)
   Rituximab administered                                          10 (41.7)
   Cycles of chemotherapy                                          
    \<4                                                            1 (4.2)
    4--6                                                           20 (83.3)
    \>6                                                            2 (8.3)
  Radiation                                                        
   Fields (n=12)                                                   
    Initially involved breast only                                 4 (16.7)
    Initially involved breast and regional lymph nodes             8 (33.3)
   Radiation dose (Gy)                                             
    Median                                                         36
    Range                                                          30--46

**Notes:**

Initially misdiagnosed as carcinoma of the breast.

Intrathecal chemotherapy, four patients.

###### 

Data on the results of first-line treatment

  Modality                               No of patients                                                     
  -------------------------------------- ---------------- --------------------------------------------- --- ---------------------------------------------
  Surgery                                1                                                                  
  Chemotherapy                           2                1[a](#tfn6-ott-9-6093){ref-type="table-fn"}       1[a](#tfn6-ott-9-6093){ref-type="table-fn"}
  Radiation and chemotherapy             5                                                                  
  Surgery and chemotherapy               9                1                                             1   2
  Surgery, chemotherapy, and radiation   7                                                              1   1
  With rituximab                         10                                                             1   1

**Note:**

The patient had progressive disease during chemotherapy.

###### 

Impact of prognostic factors on treatment results by univariate analysis

  Items                                     5-year PFS   5-year OS          
  ----------------------------------------- ------------ ----------- ------ -------
  Age                                                    0.153              0.147
   ≥50 years                                66.7                     66.7   
   \<50 years                               91.7                     91.7   
  ECOG performance status at presentation                0.597              0.575
   0                                        83.3                     83.3   
   1                                        75.0                     75.0   
  Tumor size (cm)                                        0.540              0.463
   ≥4                                       84.6                     84.6   
   \<4                                      72.7                     72.7   
  Lactate dehydrogenase                                  0.148              0.179
   Elevated                                 60.0                     60.0   
   Normal                                   84.2                     83.9   
  Ann Arbor stage                                        0.091              0.076
   IE                                       92.3                     91.7   
   IIE                                      63.6                     63.6   
  Adjusted IPI                                           0.148              0.179
   0--1                                     84.2                     83.9   
   2--3                                     60.0                     60.0   
  Surgery                                                0.521              0.461
   Yes                                      82.4                     81.9   
   No                                       71.4                     71.4   
  Cycles of chemotherapy \>4                             0.174              0.208
   Yes                                      84.2                     84.2   
   No                                       60.0                     53.3   
  Rituximab administered                                 0.285              0.239
   Yes                                      90.0                     90.0   
   No                                       71.4                     71.4   
  Radiation                                              0.176              0.183
   Yes                                      90.9                     90.9   
   No                                       69.2                     68.4   

**Abbreviations:** PFS, progression-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; IPI, International Prognostic Index.
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